We aimed to develop UV-blocking clear films for foods using the harmless titanium dioxide. The blocking rate for short-wavelength UV light (200 nm − 300 nm) was 99.2%, while that for long-wavelength UV light (300 nm − 400 nm) was 70.9%. The coating was transparent and adhered strongly to the films according to the JIS rule.
Introduction
In recent years, the irradiation exposure of foods to fluorescent light has shown an increasing tendency due to the extension of working hours in supermarkets and convenience stores. However, it is difficult to control food deterioration caused by UV light using conventional techniques (Cladman et al., 1998; Vassila et al., 2002; White, 1985) . Common light-blocking films such as aluminized films maybe undesirable as packaging materials because they hide the food contents from customers. It is also possible that the migration of certain organic UV absorbers contained in UV-blocking films affects food safety (Pascall et al., 1995) . For these reasons, the development of a safe and transparent UV-blocking film is currently required in the food industry (Fanelli et al., 1985; Irissin-Mangata et al., 2000; Schroder et al., 1985; Van Aardt et al., 2001) .
On the other hand, many organic or inorganic lightblocking materials for UV-blocking coatings have been developed for reconfiguring the substrate film surface (Fanta et al., 2002; Fayet et al., 1995; Hartwig, 1994; Hoffmann et al., 1994; Kelly, 1994; Lippens et al., 1998; Lohwasser et al., 1995; Schiller et al., 1996; Schiller et al., 1998; Schiller et al., 1999; Watanabe et al., 1997) . Titanium dioxide has been used as a photocatalyst and UV-blocking agent and, according to the food sanitation law, is allowed as a food additive (e.g., white pigment). Titanium dioxide is also used in fields other than the food industry, for example as a colorant and UV-blocking agent in paint and cosmetics. Titanium alkoxide is a well-known raw material used in the preparation of titanium dioxide coatings on glass or metal surfaces. Titanium dioxide is generated by heating titanium alkoxide through the sol-gel process. Therefore, it is difficult to coat plastic film with titanium dioxide. Ichinose et al. (2001a; 2001b) reported on the preparation method of peroxotitanium acid solution by the addition of hydrogen peroxide solution to peroxotitanium dinuclear complex anions (Ti 2 O 5 (OH) x (x-2)-, x > 2). Peroxo-modified anatase sol was produced by the heating of peroxotitanium acid solution. The peroxo-modified anatase sol contained dispersed anatase crystallites (< 30 nm) in spite of its neutral pH. The sol is useful for coating plastic films because anatase titanium dioxide generates fine particles at room temperature. Photocatalytic activity appears on the plastic film surface by simply coating the plastic film with the sol.
In the present study, we developed a safe UV-blocking coating film using peroxo-modified anatase sol.
Materials and Methods
The test film used in coating was of oriented polypropylene (OPP). The film thickness was 40 μm. One side of the film was factory surface modified by corona-treatment.
The coating liquid was composed of peroxo-modified anatase sol (PA sol, 0.7 wt%, Ohno Oil, Hiroshima, Japan), methyl cellulose (MC, 1500 cP, 1 wt% solution, Wako, Osaka, Japan) and methyl methacrylate (MM, 10 vol% ethanol solution, Wako).
The films (width 300 mm, length 450 mm) were fixed aqueous PA sol onto the surface of plastic film due to the hydrophobic surface of such film. Therefore, methyl cellulose was incorporated as a food thickener into the coating liquid to reinforce its wetability. The mixture ratio of the coating liquid was PA sol:MC (1% aqueous solution):MM (10% ethanol solution) = 7:1:2. Figure 1 shows the dependence of the UV-visible spectrum on the number of coatings onto OPP film. As the number of coatings increased, the UV absorption (200 nm-300 nm) increased. The coating thickness of the frame applicator was set at 100 μm or 500 μm, and the number of coatings was changed. The results showed that the short-wavelength UV light (200 nm − 300 nm) was completely blocked, while the blocking rate for the long-wavelength UV light (300 nm-400 nm) was 70.9%. The absorption wavelength depended on the band gap of metallic oxides; therefore, it was difficult to increase the UV-blocking rate using only titanium dioxide. It is known that some foods are deteriorated by long-wavelength UV light (Chen et al., 1998) . The band-gap for anatase type titanium dioxide is 3.2 eV (Banerjee et al., 2006) . Titanium dioxide absorbs ultraviolet light below 387 nm.
The quantity of the titanium dioxide coating was varied by changing the coating conditions. Figure 2 shows the dependence of absorbance (300 nm) on the coating thickness of the frame applicator and the number of coatings. The blocking rate was 84.7% and absorbance was 0.792 at a coating thickness of 100 μm and six coatings. The rate increased to 95.3% and the absorbance was 1.25 with a coating thickness of 500 μm and three coatings. The number of coatings was proportional to the absorbance. According to regression analysis, the relationship between absorbance and number of on an IMC-7000 control coater (Imoto, Kyoto, Japan) and coated on the corona-treated side by means of a micrometer adjustment-type frame applicator (which allows for adjustment of the wet-film thickness). After coating, the films were dried at room temperature. In the case of multiple coatings, the coated films were fixed on the control coater and were recoated after drying.
The UV-visible transmittance spectra of the coatings were measured by means of a UV-1600 spectrophotometer (Shimadzu, Kyoto, Japan).
The adhesion of the coating was analyzed via a JIS K5600-5-6 adhesion test (International Organization for Standardization, 2007; Japanese Industrial Standards Committee, 1999). The coated films were cross-cut at a width of 1 mm. Cellulose tape (Nichiban, Tokyo, Japan) or packaging tape was stuck on the coated films, and the remnants of the coating after unsticking were checked and classified by the JIS rule. The adhesive force of the cellulose tape was 4.00 N/10 mm (Japanese Industrial Standards Committee, 2009), and that of the packaging tape was 6.79 N/10 mm. According to the JIS rule, class 0 means no remnant after unsticking and class 5 means that almost all the coating is unstuck from the film.
Results and Discussion
Materials for coating were selected taking into consideration the safety of their use in or near foods. Polymethyl methacrylate (Ichimura and Kato, 2000) is an allowable food-packaging material according to the food sanitation law of Japan. Titanium dioxide is a photo-polymerization initiator of methyl methacrylate. However, it is difficult to coat A. HaSHimoto & K. SaKamoto   Fig. 1 . UV-visible spectrum dependence on the number of coats.
base film (OPP); coating thickness of 100 μm and one coat; 100 μm and three coats; 100 μm and five coats; 500 μm and three coats. Absorbance Number of Coating solutions were from 0% to 20% before mixing. The concentrations in the final mixture changed from 0% to 2%, and the concentration of MC was fixed at 0.1%. Figure 4 shows the dependence of coating adhesion on MM concentration onto OPP film. The adhesion strength was sufficient for practical use at MM concentrations above 0.5%. However, the adhesion strength fell at MM concentrations below 0.5% and was very low at 0%.
Conclusion
Oil in foods is greatly deteriorated by short-wavelength light (UV light, etc.) (Ohta, 1977; Pascall et al., 1995) . The blocking of light with a wavelength of 350 nm or below can effectively prevent oil deterioration. Therefore, the application of this coating on food-packaging films is expected to protect oily foods and many other types of food from deterioration. Examination of the effect of this coating on the food deterioration process is required. This coating also has antibacterial properties, which are induced by the titanium dioxide photocatalysis (Matsuoka and Anpo, 2006; Togeda, 2006) . We have already studied the photocatalysis of the coating and its relationship to the wetability change of the plastic substrate surface. The next step is to examine the antibacterial and antifungal activities of the coating.
A coating liquid with UV-blocking properties was prepared by mixing PA sol, MC and MM. The coating blocked 99.2% of the short-wavelength UV light (200 − 300 nm) and 70.9% of the long-wavelength UV light (300 − 400 nm). The titanium dioxide coating had a UV-blocking effect and was transparent, making it an ideal material for protecting foods against UV-induced deterioration.
References coatings is as follows:
A 500 = 0.412N 500 + 0.011 (2.1) A 100 = 0.122N 100 + 0.061 (2.2) (A 500 ; absorbance with a coating thickness of 500 μm, A 100 ; absorbance with a coating thickness of 100 μm, N 500 ; number of coatings with a coating thickness of 500 μm, N 100 ; number of coatings with a coating thickness of 100 μm) The application of one coating was most advantageous for lowering the production cost; however, in this study the best results were obtained when the coating thickness of the frame applicator was 500 μm and the number of coatings was three.
The effect of the composition of the coating liquid was investigated. First, the dependence of coating adhesion on MC concentration was examined. The PA sol:MC:MM (10% ethanol solution) ratio was 8:1:1. The concentration of MM in the final mixture was 1%. The concentrations of MC solutions were from 0.5% to 2% before mixing. The concentrations in the final mixture changed from 0.05% to 0.2%. Figure 3 shows the dependence of coating adhesion on MC concentration onto OPP film. The adhesion strength was high when the concentration was below 0.1%, but diminished above 0.1% and was very small at 0.2%. It has been reported that titanium dioxide initiated the polymerization of methyl methacrylate by photocatalysis (Ozaki et al., 2001) . MC seemed to be a reaction inhibitor of this polymerization process. It was possible that an increase of MC inhibited the curing of MM, resulting in a decrease in the adhesion strength of the coating.
The dependence of coating adhesion on MM concentration was also examined. The PA sol:MC (1% aqueous solution):MM ratio was 8:1:1. The concentrations of MM UV-blocking Film for Food 
